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(57) ABSTRACT 
The present invention relates to an optical ?ber transmission 
line comprising a structure for making it possible to main 
tain a desirable mean transmission characteristic as a Whole 

regardless of the ?uctuation in total length caused upon 
cutting end portions; and an optical cable including the 
same. The optical ?ber transmission line according to the 
present invention comprises a main transmission line and 
?rst and second end sections connected, respectively, to both 
ends of the main transmission line. As a typical con?gura 
tion, the main transmission line is constituted by a single 
mode optical ?ber and a dispersion-compensating optical 
?ber. At a Wavelength of 1.55 pm, the single-mode optical 
?ber has a positive chromatic dispersion, and the dispersion 
compensating optical ?ber has a negative chromatic disper 
sion. The respective chromatic dispersions and lengths of the 
single-mode optical ?ber and dispersion-compensating opti 
cal ?ber are set so as to loWer the absolute value of mean 
chromatic dispersion of the main transmission line as a 
Whole, Whereas each of the ?rst and second end sections has 
a chromatic dispersion substantially equal to the mean 
chromatic dispersion in order to suppress the in?uence upon 
the mean of the optical ?ber transmission line as a Whole 
caused by the ?uctuation in length due to the cutting. 
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Fig. 1A 
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Fig. 6A 
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OPTICAL FIBER TRANSMISSION LINE AND 
OPTICAL CABLE INCLUDING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an optical ?ber 
transmission line employable as an optical transmission line 
in a Wavelength division multiplexing (WDM) transmission 
system, and an optical cable including the same. 

[0003] 2. Related Background Art 

[0004] A WDM transmission system enables high-speed, 
large-capacity optical communications by utiliZing a plural 
ity of signal channels. The optical transmission line laid in 
each repeating section of the WDM transmission system is 
desired to have an eXcellent transmission characteristic in a 
signal Wave length region (e.g., 1.55-pm Wavelength band). 
Therefore, as an optical transmission line having an eXcel 
lent signal transmission characteristic, optical ?bers Whose 
transmission characteristic changes along the longitudinal 
direction thereof have been proposed. 

[0005] For eXample, a conventional optical ?ber transmis 
sion line described in T. Naito, et al., “1 Terabit/s WDM 
Transmission over 10,000 km,” ECOC’99, PD2-1 (1999) 
(?rst literature) is constituted by a single-mode optical ?ber 
(an optical ?ber having a positive chromatic dispersion) 
positioned on the upstream side in the signal-advancing 
direction and a dispersion-compensating optical ?ber (an 
optical ?ber having a negative chromatic dispersion) posi 
tioned on the downstream side. In the 1.55-ptm Wavelength 
band, the single-mode optical ?ber has a positive chromatic 
dispersion and a relatively large mode ?eld diameter. On the 
other hand, the dispersion-compensating optical ?ber has a 
negative chromatic dispersion and a relatively small mode 
?eld diameter in the 1.55-pm Wavelength band, and is likely 
to generate nonlinear optical phenomena in general. 

[0006] In the conventional optical ?ber transmission line 
described in the above-mentioned ?rst literature, signals 
successively propagate through the single-mode optical ?ber 
and dispersion-compensating optical ?ber. Though the sig 
nals propagating through the single-mode optical ?ber have 
a high poWer, nonlinear optical phenomena are restrained 
from occurring since the single-mode optical ?ber has a 
relatively large mode ?eld diameter. The signals loWer their 
poWer While propagating through the single-mode optical 
?ber, and the signals having loWered their poWer reaches the 
dispersion-compensating optical ?ber. As a consequence, 
the occurrence of nonlinear optical phenomena is suf? 
ciently suppressed even When the signals propagate through 
the dispersion-compensating optical ?ber having a relatively 
small mode ?eld diameter. Further, since the single-mode 
optical ?ber and dispersion-compensating optical ?ber have 
chromatic dispersions different from each other, the cumu 
lative chromatic dispersion of the optical ?ber transmission 
line as a Whole Will be kept loW if the ratio of their lengths 
is designed appropriately. Thus, an optical ?ber transmission 
line in Which a single-mode optical ?ber and a dispersion 
compensating optical ?ber are successively disposed along 
the signal-advancing direction can effectively restrain the 
transmission quality from deteriorating due to nonlinear 
optical phenomena and cumulative chromatic dispersion. 

[0007] On the other hand, the optical ?ber transmission 
line disclosed in US. Pat. No. 5,894,537 (second literature) 
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is a unitary optical ?ber in Which a plurality of positive 
dispersion portions having a positive chromatic dispersion 
and a plurality of negative dispersion portions having a 
negative chromatic dispersion are alternately arranged adja 
cent each other along its longitudinal direction. The occur 
rence of nonlinear optical phenomena, such as four-Wave 
miXing in particular, is suppressed When the absolute value 
of chromatic dispersion in each of the positive and negative 
dispersion portions is set greater, and the deterioration in 
transmission quality caused by cumulative chromatic dis 
persion is suppressed When the absolute value of mean 
chromatic dispersion in the optical ?ber transmission line as 
a Whole is set loWer. 

SUMMARY OF THE INVENTION 

[0008] The inventors have studied the conventional tech 
niques mentioned above and, as a result, have found prob 
lems as folloWs. Namely, the conventional optical ?ber 
transmission line described in the ?rst literature is required 
to change its transmission characteristic along the longitu 
dinal direction While yielding a desirable value of mean 
transmission characteristic in the optical ?ber transmission 
line as a Whole. Consequently, each optical ?ber constituting 
this optical ?ber transmission line is restricted in terms of its 
transmission characteristic or its length. That is, the con 
ventional optical ?ber transmission line is required to have 
a small mean chromatic dispersion as a Whole, Whereby it is 
necessary that the ratio of respective lengths of the single 
mode optical ?ber and dispersion-compensating optical ?ber 
constituting the optical ?ber transmission line be set to a 
predetermined value. 

[0009] The conventional optical ?ber transmission line 
described in the above-mentioned second literature is also 
required to have a small mean chromatic dispersion as a 
Whole, Whereby it is necessary that the ratio of respective 
lengths of the positive and negative dispersion portions be 
set to a predetermined value. 

[0010] Even When an optical ?ber transmission line 
designed so as to yield a desirable mean transmission 
characteristic as a Whole is made, if an end portion of this 
optical ?ber transmission line is cut off, then the mean 
transmission characteristic of thus cut optical ?ber transmis 
sion line as a Whole may not attain the desirable value. When 
the process of making an optical cable from an optical ?ber 
transmission line such as that mentioned above is concerned, 
for eXample, both end portions of each optical ?ber are cut 
off until a desirable condition is obtained in each of steps of 
Welding Water-pressure-resistant copper tubes, extruding 
sheaths, and the like in the case of the optical ?ber trans 
mission line. The ?ber lengths (hereinafter referred to as 
“cut lengths”) of both end portions cut in such individual 
steps amount to several hundreds of meters. BetWeen before 
and after the cutting, the mean transmission characteristic of 
the optical ?ber transmission line as a Whole changes 
according to the cut length. In a transmission line in Which 
a chromatic dispersion With a large absolute value locally 
occurs, such as the optical ?ber transmission lines described 
in the above-mentioned ?rst and second literatures in par 
ticular, the change in mean transmission characteristic 
(mean chromatic dispersion) in the optical ?ber transmission 
line as a Whole betWeen before and after the cutting is large. 

[0011] Concerning the optical ?ber transmission line 
described in the above-mentioned ?rst literature, the prob 
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lem mentioned above Will be explained speci?cally With 
reference to a case of making a submarine optical cable 
having a cross-sectional structure shoWn in FIG. 1A by Way 
of eXample. Here, FIG. 1A is a vieW shoWing the cross 
sectional structure of the submarine optical cable, Whereas 
FIG. 1B is a vieW shoWing the cross-sectional structure of 
the optical ?ber unit included in the submarine optical cable. 
On the other hand, FIGS. 2A to 2D are vieWs shoWing 
respective changes in the length of optical ?ber transmission 
line in individual steps of making the optical cable. 

[0012] As shoWn in FIG. 1A, a three-part metal tube 310, 
a high-tension steel tWisted Wires 320, a copper tube 330, 
and an insulating plastic layer 340 are successively disposed 
on the outer periphery of an optical ?ber unit 300 holding a 
plurality of optical ?ber transmission lines, so as to construct 
the optical cable. Here, as shoWn in FIG. 1B, the optical 
?ber unit 300 has a structure in Which a plurality of optical 
?ber transmission lines 410 are secured about a tension 
member 420 by Way of a buffer layer (unit ?ller resin) 430. 

[0013] Before bundling, each optical ?ber transmission 
line 410 is, as shoWn in FIG. 2A, constituted by a single 
mode optical ?ber 412 (SMF: Single-Mode optical Fiber) 
and a dispersion-compensating optical ?ber 411 (DSF: Dis 
persion-Compensated optical Fiber) having chromatic dis 
persions of about 20 ps/nm/km and about —45 ps/nm/km, 
respectively. 
[0014] At the time of bundling, a plurality of optical ?ber 
transmission lines 410 Whose end portions on the SMF side 
and the DCF side are cut by 10 m and 80 m, respectively, as 
shoWn in FIG. 2B. Then, upon Welding Water-pressure 
resistant copper tubes, the end portions on the SMF side and 
the DCF side are cut by 90 m and 350 m, respectively (FIG. 
2C). Also, upon extruding a sheath, the end portions on the 
SMF side and the DCF side are cut by 150 m and 70 m, 
respectively (FIG. 2D). After the foregoing steps, the cut 
length ?nally becomes 250 m on the SMF side, Whereby the 
chromatic dispersion changes by 5 ps/nm (=20 ps/nm/km>< 
0.25 km) due to the end portion cutting. On the DCF side, 
on the other hand, the cut length ?nally becomes 500 m, 
Whereby the chromatic dispersion changes by —22.5 ps/nm 
(=—45 ps/nm/km><0.5 km) due to the end portion cutting. As 
a consequence, in the case Where a plurality of optical ?ber 
transmission lines are bundled so as to make an optical cable 
as mentioned above, the cumulative chromatic dispersion of 
each optical ?ber transmission line included in the ?nally 
obtained optical cable Would change by —17.5 ps/nm. 

[0015] If the cut length in each of both ends of an optical 
?ber transmission line can be estimated, then each optical 
?ber transmission line to be cabled may be designed and 
made While taking account of the amount of change in 
cumulative chromatic dispersion corresponding to thus esti 
mated cut length. HoWever, the cut length varies depending 
on Whether the conditioning in each step of cable making is 
?ne or not, and further increases (thereby shortening the 
total length of optical ?ber transmission line) if a trouble 
occurs, Whereby the transmission characteristic greatly ?uc 
tuates among the resulting optical cables. Therefore, the cut 
length upon making cables cannot be estimated in practice, 
and the amount of change in cumulative chromatic disper 
sion upon cabling cannot be estimated, either. 

[0016] MeanWhile, the cumulative chromatic dispersion 
of each optical ?ber transmission line is required to match its 
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designed value With an error of about several ps/nm on 
average in the case of a submarine optical cable. If the 
cumulative chromatic dispersion changes by several tens of 
ps/nm due to the end portion cutting as mentioned above, 
and the amount of change in cumulative chromatic disper 
sion varies according to uneven cut lengths, hoWever, then 
it is dif?cult for the cumulative chromatic dispersion of each 
optical ?ber transmission line included in a single optical 
cable to match its designed value With an error of about 
several ps/nm. This is particularly remarkable in the case 
Where a single submarine optical cable corresponds to the 
Whole repeating section, and is similarly remarkable in the 
case of a ground optical cable. Here, the repeating section 
refers to any of a section from a transmitting station to a 
repeater station including an optical ampli?er or the like, a 
section betWeen repeaters, and a section from a repeater 
station to a receiving station. 

[0017] In addition, the optical ?ber transmission line 
Whose transmission characteristic changes along its longi 
tudinal direction further has a problem as folloWs. Namely, 
the optical ?ber transmission line described in the above 
mentioned ?rst literature has a directivity concerning the 
advancing direction of signals such that the signals propa 
gate only in one direction from the single-mode optical ?ber 
side to the dispersion-compensating optical ?ber side. Since 
the directivity of the optical ?ber transmission line having 
such a directivity cannot be recogniZed in appearance, there 
is a possibility that it cannot be determined from Which end 
portion the signals should be inputted. Though individual 
?ber transmission lines can be identi?ed if they are painted 
With respective colors different from each other in an optical 
cable in Which optical ?ber transmission lines having such 
a directivity are bundled, the directivity still cannot be 
recogniZed thereby, so that it cannot be determined from 
Which end portion the signals should be inputted, either. 
Therefore, it is alWays necessary to grasp Whether the end 
portion of the optical cable in a Wound state is on the 
upstream side (signal-input side) or doWnstream side (sig 
nal-output side) in each step of the manufacturing process 
and operations for connecting With repeater stations. 

[0018] In general, inspection, veri?cation, and the like 
may be added to the process of making an optical cable 
according to circumstances. Since reWinding may be 
effected by a number of times greater than that in a normal 
manufacturing step as such due to an operational reason, the 
directivity of optical cable immediately after the making 
thereof cannot alWays be determined constant. Conse 
quently, there are cases Where a reWinding operation is 
necessary for rearranging the directivity of optical cable 
When connecting the optical cable to a repeater station. 
When the optical cable has a length of 50 km, for eXample, 
it takes at least one day to reWind the optical cable, thereby 
complicating the production control and increasing the oper 
ating cost. 

[0019] In order to overcome the problems mentioned 
above, it is an object of the present invention to provide an 
optical ?ber transmission line comprising a structure for 
making eXtra reWinding operations unnecessary at the time 
of making a cable, While having a structure for making it 
possible to maintain a desirable mean transmission charac 
teristic as a Whole regardless of the ?uctuation in total length 
accompanying the cutting of end portions; and an optical 
cable including the same. 
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[0020] The optical ?ber transmission line according to the 
present invention comprises, as a structure suitable for an 
optical cable, a main transmission line, and ?rst and second 
end sections connected, respectively, to both ends of the 
main transmission line. The main transmission line includes 
an optical ?ber Whose polarities of chromatic dispersion at 
a predetermined Wavelength alternate along a longitudinal 
direction thereof. The ?rst end section includes an optical 
?ber, connected to a ?rst end of the main transmission line, 
having, at the predetermined Wavelength, a chromatic dis 
persion With an absolute value not greater than that of the 
mean chromatic dispersion of the main transmission line as 
a Whole. The second end section includes an optical ?ber, 
connected to a second end of the main transmission line 
opposite from the ?rst end, having, at the predetermined 
Wavelength, a chromatic dispersion With an absolute value 
not greater than that of the mean chromatic dispersion of the 
main transmission line as a Whole. 

[0021] The ?rst and second end sections are provided in 
order to suppress ?uctuations of the transmission character 
istic of the optical ?ber transmission line as a Whole in the 
cable making process, While each of the ?rst and second end 
sections has a length Which is not greater than 5% of the total 
length of the optical ?ber transmission line. The ?rst and 
second end sections have a maXimum degree of in?uence 
With an absolute value of 0.2 ps/nm/km or less upon the 
mean chromatic dispersion of the optical ?ber transmission 
line as a Whole, in order to loWer the in?uence of their oWn 
?uctuations in length due to cutting upon the optical ?ber 
transmission line as a Whole. 

[0022] In the optical ?ber transmission line, the main 
transmission line may be constituted by a plurality of kinds 
of optical ?bers. In this case, the main transmission line 
includes one or more ?rst optical ?bers having a positive 
chromatic dispersion at the predetermined Wavelength and 
one or more second optical ?bers having a negative chro 
matic dispersion at the predetermined Wavelength, Whereas 
the ?rst and second optical ?bers are alternately disposed 
adjacent each other along the longitudinal direction of the 
optical ?ber transmission line. In the optical ?ber transmis 
sion line, the main transmission line may include a unitary 
optical ?ber in Which one or more ?rst portions (positive 
dispersion portions) having a positive chromatic dispersion 
at the predetermined Wavelength and one or more second 
portions (negative dispersion portions) having a negative 
chromatic dispersion at the predetermined Wavelength are 
alternately disposed adjacent each other along the longitu 
dinal direction thereof. While each case has a locally large 
chromatic dispersion, the mean chromatic dispersion of the 
optical ?ber transmission line as a Whole can be kept loW. 

[0023] Speci?cally, in the optical ?ber transmission line 
according to the present invention, the ?rst end section has 
a chromatic dispersion With an absolute value of 5 ps/nm/km 
or less at the predetermined Wavelength, and the second end 
section also has a chromatic dispersion With an absolute 
value of 5 ps/nm/km or less at the predetermined Wave 
length. Since each of the ?rst and second end sections has a 
chromatic dispersion With an absolute value of 5 ps/nm/km 
or less, the in?uence of cumulative value of chromatic 
dispersion upon the Whole optical ?ber transmission line is 
small even When their lengths have ?uctuated upon cutting. 
Alternatively, it is preferred that each of the mean transmis 
sion characteristic of the main transmission line as a Whole 
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and the substantially constant transmission characteristic of 
each of the ?rst and second end sections be identical to the 
mean transmission characteristic (e.g., chromatic dispersion 
at the signal Wavelength) of the optical ?ber transmission 
line as a Whole. For eXample, in the case Where an end 
portion of the optical ?ber transmission line is partly cut off 
in the process of cabling, the change in mean transmission 
characteristic in the optical ?ber transmission line betWeen 
before and after the cutting is small as long as the cutting is 
effected in the ?rst and second end sections. Namely, if the 
main transmission line has a desirable mean transmission 
characteristic, then the optical ?ber transmission line main 
tains a desirable transmission characteristic even When the 
?rst and second end sections positioned at end portions of 
the optical ?ber transmission line are partly cut off, Whereby 
a WDM transmission system having a transmission charac 
teristic in conformity to its designed value can be realiZed if 
the optical ?ber transmission line is employed. 

[0024] Preferably, in the optical ?ber transmission line 
according to the present invention, each of the ?rst and 
second end sections has a length of 1000 m or less (5% or 
less With respect to the total length, for eXample 50 km, of 
optical ?ber transmission line). In this case, the ?rst or 
second end section can be subjected to the end portion 
cutting in the process of cabling, for eXample. Also, since 
each of the ?rst and second end sections, Which do not 
alWays have a transmission characteristic better than that of 
the main transmission line, is made shorter than the main 
transmission line, the favorable transmission characteristic 
of the Whole optical ?ber transmission line can be main 
tained. 

[0025] Preferably, in the optical ?ber transmission line 
according to the present invention, each of the ?rst and 
second end sections has a mode ?eld diameter substantially 
identical to that of another optical ?ber to be connected 
thereto, such as a pigtail ?ber eXtending from an optical 
ampli?er disposed Within a repeater station, for eXample. 
This is because of the fact that the splice loss in the junction 
betWeen the optical ?ber transmission line and the repeater 
station is kept loW thereby. 

[0026] Preferably, in the optical ?ber transmission line 
according to the present invention, the mean chromatic 
dispersion of the main transmission line as a Whole at the 
predetermined Wavelength has an absolute value of 5 ps/nm/ 
km or less. In this case, the mean chromatic dispersion in the 
main transmission line and the chromatic dispersion in each 
of the ?rst and second end sections become substantially 
identical to each other, Whereby the change in mean chro 
matic dispersion in the optical ?ber transmission line 
betWeen before and after the cutting is kept loW as long as 
the cutting is effected in the ?rst and second end sections. 
Namely, if the mean chromatic dispersion in the main 
transmission line is small in this optical ?ber transmission 
line, then the state With a small mean chromatic dispersion 
is maintained even When the end portion cutting is effected, 
so that the Waveform deterioration caused by nonlinear 
optical phenomena and cumulative chromatic dispersion is 
suppressed effectively, Whereby a WDM transmission sys 
tem having a transmission characteristic in conformity to its 
designed value is realiZed When this optical ?ber transmis 
sion line is employed. 

[0027] Preferably, in the optical ?ber transmission line 
according to the present invention, the main transmission 
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line comprises a ?rst optical ?ber having a positive chro 
matic dispersion at the predetermined Wavelength and hav 
ing an effective area of at least 40 pmz, and a second optical 
?ber having a negative chromatic dispersion at the prede 
termined Wavelength, Whereas the ?rst and second optical 
?bers are successively arranged along a signal-advancing 
direction. In this case, signals propagate through the ?rst 
optical ?ber to the second optical ?ber in the main trans 
mission line. Though the signals have a high strength When 
propagating through the ?rst optical ?ber having a positive 
chromatic dispersion, the occurrence of nonlinear optical 
phenomena is suppressed since the ?rst optical ?ber has a 
relatively large effective area of 40 pm2 or greater. Since the 
signals loWer their poWer While propagating through the ?rst 
optical ?ber, on the other hand, the signals having loWered 
their poWer propagates through the second optical ?ber 
having a negative chromatic dispersion, thereby suppressing 
the occurrence of nonlinear optical phenomena in the second 
optical ?ber as Well. Further, since the Whole optical ?ber 
has a mean chromatic dispersion With a small absolute value 
and a small cumulative chromatic dispersion, the transmis 
sion quality is effectively restrained from deteriorating due 
to the cumulative chromatic dispersion. 

[0028] In the optical ?ber transmission line according to 
the present invention, the main transmission line may be a 
unitary optical ?ber in Which one or more positive disper 
sion portions having a positive chromatic dispersion at the 
predetermined Wavelength and one or more negative dis 
persion portions having a negative chromatic dispersion at 
the predetermined Wavelength are alternately disposed adja 
cent each other along the longitudinal direction thereof. In 
this case, signals alternately propagate through the positive 
and negative dispersion portions. Therefore, the occurrence 
of nonlinear optical phenomena (such as four-Wave mixing 
in particular) is effectively suppressed if the absolute value 
of chromatic dispersion in each of the positive and negative 
dispersion portions is made greater. On the other hand, the 
transmission quality is effectively restrained from deterio 
rating due to the cumulative chromatic dispersion if the 
absolute value of mean chromatic dispersion of the Whole 
optical ?ber transmission line is made smaller. Preferably, 
for effectively suppressing nonlinear optical phenomena, 
each of the positive and negative dispersion portions has a 
chromatic dispersion With an absolute value of 5 ps/nm/km 
or greater at the predetermined Wavelength. 

[0029] The optical cable according to the present inven 
tion comprises a plurality of transmission lines each having 
a structure similar to that of the optical ?ber transmission 
line mentioned above. Here, this optical cable yields opera 
tions and effects similar to those of the above-mentioned 
optical ?ber transmission line. 

[0030] In the optical cable according to the present inven 
tion, the plurality of transmission lines comprise an upWard 
transmission line group of N (>0) lines and a doWnWard 
transmission line group of N (>0) lines having signal 
advancing directions different from each other. Each of the 
optical ?ber transmission lines included in the upstream 
transmission line group has a ?rst identi?cation marking, 
disposed at a portion located upstream in the signal-advanc 
ing direction thereof, for indicating that the portion is 
located on the upstream side and identifying the respective 
optical ?ber transmission line, and a second identi?cation 
marking, disposed at a portion located doWnstream in the 
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signal-advancing direction thereof, for indicating that the 
portion is located on the doWnstream side and identifying 
the respective optical ?ber transmission line. Each of the 
optical ?ber transmission lines included in the doWnstream 
transmission line group has the ?rst identi?cation marking at 
a portion located upstream in the signal-advancing direction 
thereof, and the second identi?cation marking disposed at a 
portion located doWnstream in the signal-advancing direc 
tion thereof. 

[0031] Each of the ?rst and second identi?cation markings 
may be a colored layer disposed on a surface of the optical 
?ber transmission line or a mark applied to the optical ?ber 
transmission line. When the optical ?ber transmission lines 
included in the optical cable are thus provided With the ?rst 
and second identi?cation markings, reWinding operations in 
the process of connecting With repeater stations and the like 
become unnecessary, While facilitating the production con 
trol and restraining the operating cost from increasing. In 
particular, it is preferred that the ?rst and second end 
sections be provided With the ?rst and second identi?cation 
markings, respectively, from the vieWpoint of enhancing the 
ef?ciency in the operation of laying the optical cable. 

[0032] Preferably, the optical cable according to the 
present invention comprises a third identi?cation marking 
for indicating the directivity of each optical ?ber transmis 
sion line (indicative of the signal-advancing direction), i.e., 
the laying direction of the optical cable. Here, the third 
identi?cation marking may be a colored layer or a label 
applied to the optical ?ber unit. In this case, optical ?ber 
transmission lines can be distinguished from each other at 
each point. Preferably, a part of the optical cable excluding 
the optical ?ber transmission lines, e.g., an optical ?ber unit 
accommodating the optical ?ber transmission lines therein, 
is provided With the third identi?cation marking. 

[0033] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
and the accompanying draWings Which are given by Way of 
illustration only, and thus are not to be considered as limiting 
the present invention. 

[0034] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
given hereinafter. HoWever, it should be understood that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] FIG. 1A is a vieW shoWing the cross-sectional 
structure of a submarine optical cable, Whereas FIG. 1B is 
a vieW shoWing the cross-sectional structure of the optical 
?ber unit included in the submarine optical cable; 

[0036] FIGS. 2A to 2D are vieWs for explaining respec 
tive steps of making an optical cable; 

[0037] FIG. 3A is a vieW shoWing the con?guration of a 
?rst embodiment of the optical transmission line according 
to the present invention, Whereas FIG. 3B is a chart shoWing 
the chromatic dispersion of individual parts in the optical 
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?ber transmission line according to the ?rst embodiment 
along a longitudinal direction thereof; 

[0038] FIG. 4 is a graph shoWing respective chromatic 
dispersion characteristics of a single-mode optical ?ber and 
a dispersion-compensating optical ?ber Which constitute the 
optical ?ber transmission line according to the ?rst embodi 
ment shoWn in FIGS. 3A and 3B; 

[0039] FIG. 5 is a vieW for explaining a state of connec 
tion betWeen the optical ?ber transmission line according to 
the present invention and a repeater station; 

[0040] FIG. 6A is a vieW shoWing a state of assembly of 
optical ?ber transmission lines constituting a ?rst embodi 
ment of the optical cable according to the present invention, 
Whereas FIG. 6B is a vieW shoWing a partial con?guration 
of the ?rst embodiment of the optical cable according to the 
present invention obtained from a plurality of optical ?ber 
transmission lines shoWn in FIG. 6A; 

[0041] FIG. 7A is a vieW shoWing the con?guration of a 
second embodiment of the optical ?ber transmission line 
according to the present invention, Whereas FIG. 7B is a 
chart shoWing the chromatic dispersion of individual parts in 
the optical ?ber transmission line according to the second 
embodiment along a longitudinal direction thereof; 

[0042] FIG. 8 is a graph shoWing respective chromatic 
dispersion characteristics of positive and negative dispersion 
portions Which constitute the optical ?ber transmission line 
according to the second embodiment shoWn in FIGS. 7A 
and 7B; 

[0043] FIG. 9A is a vieW shoWing a state of assembly of 
optical ?ber transmission lines partly constituting a third 
embodiment of the optical cable according to the present 
invention, Whereas FIGS. 9B and 9C are vieWs shoWing 
colored layers as identi?cation markings provided in each of 
the optical ?ber transmission lines shoWn in FIG. 9A; 

[0044] FIG. 10A is a vieW shoWing a state of assembly of 
optical ?ber transmission lines partly constituting an optical 
cable Which is a comparative example, Whereas FIG. 10B is 
a vieW shoWing a colored layer as an identi?cation marking 
provided in each of the optical ?ber transmission lines 
shoWn in FIG. 10A; and 

[0045] FIG. 11A is a vieW shoWing a partial con?guration 
of a fourth embodiment of the optical cable according to the 
present invention, FIGS. 11B and 11C are vieWs shoWing 
colored layers as identi?cation markings provided in each of 
the optical ?ber transmission lines shoWn in FIG. 11A, and 
FIG. 11D is a vieW shoWing a colored layer as an identi? 
cation marking provided in the optical cable shoWn in FIG. 
11A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0046] In the folloWing, embodiments of the optical ?ber 
transmission line according to the present invention and the 
optical cable including the same Will be explained With 
reference to FIGS. 3A, 3B, 4, 5, 6A to 7B, 8, and 9A to 11B. 
In the explanation of the draWings, constituents identical to 
each other Will be referred to With numerals or letters 
identical to each other Without repeating their overlapping 
descriptions. Also, FIGS. 1A to 2D Will be cited Whenever 
necessary. 
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First Embodiment of Optical Fiber Transmission 
Line 

[0047] FIG. 3A is a vieW shoWing the con?guration of a 
?rst embodiment of the optical transmission line according 
to the present invention, Whereas FIG. 3B is a chart shoWing 
the chromatic dispersion of individual parts in the optical 
?ber transmission line according to the ?rst embodiment 
along a longitudinal direction thereof. 

[0048] The optical ?ber transmission line 100 according to 
the ?rst embodiment comprises a main transmission line 110 
Whose transmission characteristic changes along its longi 
tudinal direction, and a ?rst end section 120 and a second 
end section 130 Which are fusion-spliced to both ends of the 
main transmission line 110, respectively. The main trans 
mission line 110 comprises a single-mode optical ?ber 111 
(an optical ?ber having a positive chromatic dispersion) and 
a dispersion-compensating optical ?ber (an optical ?ber 
having a negative chromatic dispersion) 112 Which are 
successively disposed along the signal-advancing direction. 
FIG. 4 is a graph shoWing respective chromatic dispersion 
characteristics of the single-mode optical ?ber 111 and 
dispersion-compensating optical ?ber 112, in Which curves 
G100 and G200 indicate the chromatic dispersion charac 
teristics of the single-mode optical ?ber 111 and dispersion 
compensating optical ?ber 112, respectively. 

[0049] The single-mode optical ?ber 111 has a Zero 
dispersion Wavelength near a Wavelength of 1.3 pm, a 
positive chromatic dispersion of about 17 to 20 ps/nm/km at 
a Wavelength of 1.55 pm, and a positive dispersion slope at 
the Wavelength of 1.55 pm. The single-mode optical ?ber 
111 is an optical ?ber, mainly composed of silica glass, 
having a core doped With GeO2; or an optical ?ber having 
a core constituted by pure silica and a cladding doped With 
F element. In particular, the case Where the single-mode 
optical ?ber 111 is the latter optical ?ber (having a core 
made of pure silica and a cladding made of F-doped silica) 
is suitable for submarine optical cables and the like, since it 
has a loW transmission loss and is excellent in hydrogen 
resistance characteristics and radiation resistance character 
istics. Preferably, for effectively restraining nonlinear optical 
phenomena from occurring, the single-mode optical ?ber 
111 has an effective area of at least 40 pmz. 

[0050] On the other hand, the dispersion-compensating 
optical ?ber 112 is an optical ?ber having a negative 
chromatic dispersion With an absolute value of several tens 
of ps/nm/km at a Wavelength of 1.55 pm and a negative 
dispersion slope at the Wavelength of 1.55 pm. 

[0051] In the main transmission line 110 constituted by the 
single-mode optical ?ber 111 and dispersion-compensating 
optical ?ber 112 fusion-spliced to each other, chromatic 
dispersion changes along its longitudinal direction as shoWn 
in FIG. 3B. Letting DSMF be the chromatic dispersion of the 
single-mode optical ?ber 111, LSMF be the length thereof, 
DDCF be the chromatic dispersion of the dispersion-compen 
sating optical ?ber 112, and LDCF be the length thereof, the 
mean chromatic dispersion Dmean of the main transmission 
line 110 as a Whole is represented by the folloWing expres 
s1on: 

[0052] In the optical ?ber transmission line 100 according 
to the ?rst embodiment, the chromatic dispersion DSMF and 
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length LSMF of the single-mode optical ?ber 111 and the 
chromatic dispersion DDCF and length LDCF of the disper 
sion-compensating optical ?ber 112 are appropriately set so 
as to loWer the absolute value of mean chromatic dispersion 
Dmean of the main transmission line 110. Preferably, the 
absolute value of mean chromatic dispersion Dmean of the 
main transmission line 110 is 5 ps/nm/km or less. 

[0053] The ?rst end section 120 is fusion-spliced to one 
end of the single-mode optical ?ber 111 and has a chromatic 
dispersion D120 Which is substantially equal to the mean 
chromatic dispersion Dmean of the main transmission line 
110. On the other hand, the second end section 130 is 
fusion-spliced to one end of the dispersion-compensating 
optical ?ber 112 and has a chromatic dispersion D130 Which 
is substantially equal to the mean chromatic dispersion 
Dmean of the main transmission line 110. Each of the 
chromatic dispersion D120 of the ?rst end section 120 and the 
chromatic dispersion D130 of the second end section 130 is 
a substantially constant value along the longitudinal direc 
tion of the main transmission line 110, preferably having an 
absolute value of 5 ps/nm/km or less. It is preferred that each 
of such ?rst and second end sections 120, 130 is a disper 
sion-shifted optical ?ber having a Zero-dispersion Wave 
length near a Wavelength of 1.55 pm. Preferably, each of the 
length L120 of the ?rst end section 120 and the length L130 
of the second end section 130 is 5% or less With respect to 
the Whole optical ?ber transmission line 100, speci?cally 
1000 m or less. 

[0054] Thus, in the optical ?ber 100 according to the ?rst 
embodiment, the ?rst end section 120, single-mode optical 
?ber 111, dispersion-compensating optical ?ber 112, and 
second end section 130 are successively disposed along the 
signal-advancing direction. Since each of the chromatic 
dispersion in the ?rst end section 120 and the chromatic 
dispersion in the second end section 130 is set so as to 
become substantially identical to the mean chromatic dis 
persion in the main transmission line 110, the mean chro 
matic dispersion of the Whole optical ?ber transmission line 
100 substantially equals the mean chromatic dispersion in 
the main transmission line 110. 

[0055] In the optical ?ber transmission line 100, signals 
reach the single-mode optical ?ber 111 after propagating 
through the ?rst end section 120. Though the signals have a 
high strength While propagating through the single-mode 
optical ?ber 111, nonlinear optical phenomena are restrained 
from occurring in the single-mode optical ?ber 111 since the 
single-mode optical ?ber 111 has a relatively large effective 
area. Further, the signals loWer their poWer While propagat 
ing through the single-mode optical ?ber 111, Whereby the 
signals having loWered their poWer Would propagate through 
the dispersion-compensating optical ?ber 112. As a conse 
quence, the occurrence of nonlinear optical phenomena in 
the dispersion-compensating optical ?ber 112 is suppressed. 
Then, the signals propagate through the second end section 
130 after passing through the dispersion-compensating opti 
cal ?ber 112. Since the optical ?ber transmission line 100 as 
a Whole yields a mean chromatic dispersion With a small 
absolute value and a small cumulative chromatic dispersion, 
the transmission quality is effectively restrained from dete 
riorating due to the cumulative chromatic dispersion. Fur 
ther, since the respective dispersion slopes of the single 
mode optical ?ber 111 and dispersion-compensating optical 
?ber 112 have polarities different from each other, the main 
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transmission line 110 can keep the cumulative chromatic 
dispersion loW in a Wider Wavelength range. 

[0056] Effects of the optical ?ber transmission line accord 
ing to the ?rst embodiment Will noW be explained With 
reference to speci?c values. Here, it is assumed that the 
chromatic dispersion of the single-mode optical ?ber 111 at 
a Wavelength of 1.55 pm is 20 ps/nm/km, and the chromatic 
dispersion of the dispersion-compensating optical ?ber 112 
at a Wavelength of 1.55 pm is —46 ps/nm/km. Also, the target 
length of the ?nal optical ?ber transmission line 100 is set 
to 50 km. Here, the length (LSMF+LDCF) of the main 
transmission line 110 is set to 49 km, so as to become 
slightly shorter than the target length of optical ?ber trans 
mission line 100. 

[0057] Then, let the length LSMF of single-mode optical 
?ber 111 be 32.5 km, and the length LDCF of dispersion 
compensating optical ?ber 112 be 16.5 km, so that the 
absolute value of mean chromatic dispersion Dmean in the 
main transmission line 110 becomes substantially Zero. 
Employed as each of the ?rst and second end section 120, 
130 is a dispersion-shifted optical ?ber having a chromatic 
dispersion of —2 ps/nm/km at a Wavelength of 1.55 pm, and 
a length of 1 km. 

[0058] In thus con?gured optical ?ber transmission line 
100, the cut length for the ?rst end section 120 (the length 
by Which the ?rst end section 120 is cut off) is set to 200 m, 
and the cut length for the second end section 130 is set to 700 
m. Then, the amount of change in cumulative chromatic 
dispersion in the Whole optical ?ber transmission line 100 
caused by the cutting of the ?rst and second end sections 
120, 130 is —1.8 ps/nm (=—2><0.2+(—2)><0.7). 

[0059] As a comparative eXample, an optical ?ber trans 
mission line having a length of 51 km constituted by only a 
single-mode optical ?ber and a dispersion-compensating 
optical ?ber Without providing the ?rst end section 120 and 
second end section 130 Will be studied. In the case Where the 
cut length in the end portion of the single-mode optical ?ber 
is 200 m While the cut length in the end portion of the 
dispersion-compensating optical ?ber is 700 m, the amount 
of change in cumulative chromatic dispersion in the Whole 
optical ?ber transmission line of comparative eXample 
caused by the cutting of the end portions is —28.2 ps/nm 
(=20><0.2+(—46)><0.7). 
[0060] As long as the cutting is effected in the ?rst end 
section 120 or second end section 130 having a chromatic 
dispersion substantially equal to the mean chromatic disper 
sion (Which is substantially Zero) in the main transmission 
line 110, the mean chromatic dispersion of the optical ?ber 
transmission line 100 changes little betWeen before and after 
the cutting, and the change in its cumulative chromatic 
dispersion is also small. Therefore, if the main transmission 
line 110 is designed so as to have a desirable mean trans 
mission characteristic in the optical ?ber transmission line 
100 according to the ?rst embodiment, then the optical ?ber 
transmission line 100 as a Whole maintains the desirable 
mean transmission characteristic even When its total length 
is altered as both ends thereof are partly cut off, Whereby a 
WDM transmission system having desirable design values 
can easily be constructed. Here, if each of the ?rst and 
second end sections 120, 130 has a length of 1 km, it Will be 
suf?cient as the length to be cut at the time of making a 
cable. 
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[0061] When the optical ?ber transmission line 100 is laid 
in a repeating section, the ?rst and second end sections 120, 
130 are each connected to a repeater station 500. Since the 
repeater station 500 is provided With an optical ampli?er 510 
and the like, the ?rst and second end sections 120, 130 are 
connected to pigtail optical ?bers 520 extending from the 
optical ampli?er 510 in practice. Therefore, each of the ?rst 
and second end sections 120, 130 preferably has a mode 
?eld diameter substantially identical to the mode ?eld diam 
eter of the respective pigtail ?ber 520, extending from the 
optical ampli?er 510 to connect thereWith, for guiding 
signals to the optical ampli?er 510. 

First Embodiment of Optical Cable 

[0062] An optical cable 10 including a plurality of trans 
mission lines each having the same structure as the optical 
?ber transmission line 100 according to the ?rst embodiment 
Will noW be explained. FIG. 6A is a vieW shoWing a state of 
assembly of optical ?ber transmission lines constituting a 
?rst embodiment of the optical cable according to the 
present invention, Whereas FIG. 6B is a vieW shoWing a 
partial con?guration of the ?rst embodiment of the optical 
cable according to the present invention obtained from a 
plurality of optical ?ber transmission lines shoWn in FIG. 
6A. Here, FIG. 6B shoWs only the part corresponding to the 
optical ?ber unit 300 shoWn in FIG. 1B. 

[0063] The optical cable 10 is constituted by three upWard 
optical ?ber transmission lines 101 to 103 and three doWn 
Ward optical ?ber transmission lines 104 to 106. Each of the 
optical ?ber transmission lines 101 to 106 has a structure 
identical to that of the optical ?ber transmission line 100 
according to the ?rst embodiment shoWn in FIGS. 3A and 
3B. In each of the optical ?ber transmission lines 101 to 103 
in FIG. 6A, the single-mode optical ?ber 111 (SMF) and 
dispersion-compensating optical ?ber 112 (DCF) are dis 
posed on the upstream and doWnstream sides in the signal 
advancing direction, respectively. In each of the optical ?ber 
transmission lines 104 to 106, by contrast, the dispersion 
compensating optical ?ber 112 (DCF) and single-mode 
optical ?ber 111 (SMF) are disposed on the upstream and 
doWnstream sides in the signal-advancing direction, respec 
tively. In each of the siX optical ?ber transmission lines 101 
to 106, the chromatic dispersion of single-mode optical ?ber 
111 at a Wavelength of 1.55 pm is set to 20 ps/nm/km, 
Whereas the chromatic dispersion of dispersion-compensat 
ing optical ?ber 112 at a Wavelength of 1.55 pm is set to —46 
ps/nm/km. Also, the target length of the ?nal optical cable 10 
is set to 50 km. Here, the length (LSMF+LDCF) of the main 
transmission line 110 in each of the optical ?ber transmis 
sion lines 101 to 106 is set to 49 km, so as to become slightly 
shorter than the target length of optical cable 10. 

[0064] Then, in each of the optical ?ber transmission lines 
101 to 106, let the length LSMF of single-mode optical ?ber 
111 be 32.5 km, and the length LDCF of dispersion-compen 
sating optical ?ber 112 be 16.5 km, so that the absolute value 
of mean chromatic dispersion Dmean in the main transmis 
sion line 110 becomes substantially Zero. Employed as each 
of the ?rst and second end sections 120, 130 is a dispersion 
shifted optical ?ber having a chromatic dispersion of —2 
ps/nm/km at a Wavelength of 1.55 pm, and a length of 1 km. 

[0065] Thus con?gured optical ?ber transmission lines 
101 to 106 are bundled, so as to make the optical cable 10. 
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In the process of making the optical cable 10, the cut length 
at one end of each of the optical ?ber transmission lines 101 
to 104 is set to 200 m, and the cut length at the other end is 
set to 700 m. Since the ?rst and second end sections 120, 130 
are partly cut off in each of the optical ?ber transmission 
lines 101 to 106 in the optical cable 10 according to the ?rst 
embodiment, the amount of change in cumulative chromatic 
dispersion in each of the optical ?ber transmission lines 101 
to 106 caused by the cutting is —1.8 ps/nm (=—2><0.2+(—2)>< 
0.7). 
[0066] As a comparative eXample, an optical cable includ 
ing a ?ber transmission line having a length of 51 km 
constituted by only a single-mode optical ?ber and a dis 
persion-compensating optical ?ber Without providing the 
?rst and second end sections 120, 130 Will be considered. 
The cut length at one end of the optical ?ber transmission 
line is set to 200 m While the cut length at the other end is 
set to 700 m in the optical cable of comparative eXample as 
Well. In the optical cable of comparative eXample, the 
amount of change in cumulative chromatic dispersion in the 
Whole optical ?ber transmission line varies depending on 
Whether the optical ?ber transmission line is an upWard 
optical ?ber transmission line or doWnWard optical ?ber 
transmission line, i.e., Whether the single-mode optical ?ber 
or dispersion-compensating optical ?ber has a longer cut 
length. Letting the cut length for the single-mode optical 
?ber be 200 m, and the cut length for the dispersion 
compensating optical ?ber be 700 m, the amount of change 
in cumulative chromatic dispersion in the Whole optical ?ber 
transmission line caused by the cutting is —28.2 ps/nm 
(=20><0.2+(—46)><0.7). On the other hand, letting the cut 
length for the single-mode optical ?ber be 700 m, and the cut 
length for the dispersion-compensating optical ?ber be 200 
m, the amount of change in cumulative chromatic dispersion 
in the Whole optical ?ber transmission line caused by the 
cutting is —4.8 ps/nm (=—46><0.2+20><0.7). 

[0067] In the optical cable of comparative eXample, the 
cumulative chromatic dispersion of each optical ?ber trans 
mission line changes greatly upon cabling, and its amount of 
change differs betWeen the upWard and doWnWard optical 
?ber transmission lines. It is because of the fact that each of 
the single-mode optical ?ber and dispersion-compensating 
optical ?ber has a chromatic dispersion With a large absolute 
value, and the ratio of their absolute values of chromatic 
dispersions is not 1:1 but 1:N. In general, the amount of 
change in cumulative chromatic dispersion becomes greater 
betWeen the upWard and doWnWard optical ?ber transmis 
sion lines as the difference betWeen cut lengths at both ends 
of optical ?ber transmission line is greater in the case Where 
the value of N is large. Even When the cut lengths at both 
ends are equal to each other, the amount of change in 
cumulative chromatic dispersion becomes greater betWeen 
the upWard and doWnWard optical transmission lines as the 
value of N is greater. 

[0068] In the optical cable 10 according to the ?rst 
embodiment, by contrast, the ?rst and second end sections 
120, 130 each having a chromatic dispersion substantially 
identical to the mean chromatic dispersion (Which is sub 
stantially Zero) in the main transmission line 110 are partly 
cut off, Whereby the mean chromatic dispersion in each of 
the optical ?ber transmission lines 101 to 106 changes little 
betWeen before and after the cutting, and the change in its 
cumulative chromatic dispersion is also small. Therefore, if 
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the main transmission line 110 in each of the optical ?ber 
transmission lines 101 to 106 is designed so as to have a 
desirable mean transmission characteristic in the optical 
cable 10, then the desirable mean transmission characteristic 
is maintained as a Whole even When both ends thereof are 
partly cutoff, Whereby a WDM transmission system having 
desirable design values can easily be constructed. Here, if 
each of the ?rst and second end sections 120, 130 has a 
length of 1 km in each of the optical ?ber transmission lines 
101 to 106, it Will be suf?cient as the length to be cut at the 
time of making a cable. 

[0069] If the respective lengths of the single-mode optical 
?ber 111 and dispersion-compensating optical ?ber 112 in 
the main transmission line 110 are appropriately adjusted 
beforehand in vieW of the respective lengths of ?rst and 
second end sections 120, 130 remaining after the end portion 
cutting and the chromatic dispersion caused thereby in each 
of the optical ?ber transmission line 100 and the optical ?ber 
transmission lines 101 to 106 included in the optical cable 
10, then the chromatic dispersion of the ?nally obtained 
optical ?ber transmission line as a Whole can be made closer 
to its desirable design value. 

[0070] Preferably, taking account of the case being con 
nected to another optical ?ber (e.g., a pigtail ?ber 520 
extending from an optical ampli?er 510 provided in a 
repeater station 500 as shoWn in FIG. 5), each of the ?rst and 
second end sections 120, 130 in the optical ?ber transmis 
sion line 100 and the optical ?ber transmission lines 101 to 
106 in the optical cable 10 has a mode ?eld diameter 
substantially equal to the mode ?eld diameter of the optical 
?ber 520. Such a con?guration effectively restrains the 
splice loss at the junction betWeen the optical ?ber trans 
mission line 100 and repeater station 500 from increasing. 

[0071] The single-mode optical ?ber 111 may be a unitary 
optical ?ber or an optical ?ber constituted by a plurality of 
optical ?bers fusion-spliced to each other. Similarly, each of 
the dispersion-compensating optical ?ber 112, ?rst end 
section 120, and second end section 130 maybe constituted 
by a plurality of constituents (optical ?bers). 

Second Embodiment of Optical Fiber Transmission 
Line 

[0072] A second embodiment of the optical ?ber trans 
mission line according to the present invention Will noW be 
eXplained. FIG. 7A is a vieW shoWing the con?guration of 
a second embodiment of the optical ?ber transmission line 
according to the present invention, Whereas FIG. 7B is a 
chart shoWing the chromatic dispersion of individual parts in 
the optical ?ber transmission line according to the second 
embodiment along a longitudinal direction thereof. On the 
other hand, FIG. 8 is a graph shoWing the chromatic 
dispersion characteristic in the optical ?ber transmission line 
according to the second embodiment shoWn in FIGS. 7A 
and 7B, in Which curves G300 and G400 indicate respective 
chromatic dispersion characteristics in positive and negative 
dispersion portions 211, 212, respectively. 
[0073] The optical ?ber 200 comprises a main transmis 
sion line 210, and a ?rst end section 220 and a second end 
section 230 Which are fusion-spliced to both ends of the 
main transmission line 210, respectively. The main trans 
mission line 210 is a unitary optical ?ber in Which one or 
more positive dispersion portions 211 each having a positive 
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chromatic dispersion and one or more negative dispersion 
portions 212 each having a negative chromatic dispersion 
are alternately disposed along the signal-advancing direc 
tion. 

[0074] At a signal Wave length (e.g., a Wave length of 1.55 
pm), the positive dispersion portions 211 have a positive 
chromatic dispersion D211, Whereas the negative dispersion 
portions 212 have a negative chromatic dispersion D212. 
Preferably, each of the positive chromatic dispersion D211 of 
positive dispersion portions 211 and the negative chromatic 
dispersion D212 of negative dispersion portions 212 has an 
absolute value of at least 5 ps/nm/km or, for example, on the 
order of 5 ps/nm/km to 50 ps/nm/km. Each of the positive 
and negative dispersion portions 211, 212 has a length on the 
order of several km to several tens of km, for eXample. 
Preferably, at the signal Wavelength, the positive dispersion 
portions 211 have a positive dispersion slope, Whereas the 
negative dispersion portions 212 have a negative dispersion 
slope. 

[0075] In the main transmission line 210 in Which the 
positive and negative dispersion portions 211, 212 are alter 
nately disposed along the signal-advancing direction, the 
polarity of chromatic dispersion thus changes in the longi 
tudinal direction. The mean chromatic dispersion Dmean of 
the main transmission line 210 is given When the Weighted 
mean of the chromatic dispersion D211 of positive dispersion 
portions 211 and the chromatic dispersion D212 of negative 
dispersion portions 212 With respect to their respective 
lengths is obtained. In the optical ?ber transmission line 200 
according to the second embodiment, the chromatic disper 
sion D211 of positive dispersion portions 211 and the sum of 
their lengths, and the chromatic dispersion D212 of negative 
dispersion portions 212 and the sum of their lengths are 
appropriately set so as to loWer the absolute value of mean 
chromatic dispersion Dmean in the main transmission line 
210. Preferably, the main transmission line 210 has a mean 
chromatic dispersion Dmean With an absolute value of 5 
ps/nm/km or less. 

[0076] The ?rst end section 220 is fusion-spliced to one 
end of the main transmission line 210 and has a chromatic 
dispersion D220 substantially equal to the mean chromatic 
dispersion Dmean of the main transmission line 210. On the 
other hand, the second end section 230 is fusion-spliced to 
the other end of the main transmission line 210 and has a 
chromatic dispersion D230 substantially equal to the mean 
chromatic dispersion Dmean of the main transmission line 
210. Each of the chromatic dispersion D220 of ?rst end 
section 220 and the chromatic dispersion D230 of second end 
section 230 is a value substantially constant in the longitu 
dinal direction, and is preferably 5 ps/nm/km or less. Pref 
erably, each of such ?rst and second end sections 220, 230 
is a dispersion-shifted optical ?ber having a Zero-dispersion 
Wavelength near a Wavelength of 1.55 pm. It is preferred that 
each of the length L220 of ?rst end section 220 and the length 
L230 of second end section 230 be 5% or less With respect to 
the total length of the Whole optical ?ber transmission line 
200, speci?cally 1000 m or less. 

[0077] Thus, in the optical ?ber 200 according to the 
second embodiment, the ?rst end section 220, main trans 
mission line 210, and second end section 230 are succes 
sively disposed. Since each of the chromatic dispersion in 
the ?rst and second end sections 220, 230 is substantially the 
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same as the mean chromatic dispersion in the main trans 
mission line 210, the mean chromatic dispersion of the 
Whole optical ?ber transmission line 200 substantially 
equals the mean chromatic dispersion in the main transmis 
sion line 210. 

[0078] In the optical ?ber transmission line 200, the sig 
nals inputted from the light input end of the ?rst end section 
220 successively propagate through the ?rst end section 220, 
main transmission line 210, and second end section 230, so 
as to be outputted from the light output end of the second end 
section 230. In the main transmission line 210, since the 
absolute value of chromatic dispersion in each of the posi 
tive and negative dispersion portions 211, 212 is large, 
nonlinear optical phenomena are restrained from occurring. 
Further, since the mean chromatic dispersion is small as a 
Whole, Waveform is restrained from deteriorating due to 
cumulative chromatic dispersion, Whereby an eXcellent 
transmission quality is obtained. Also, since the respective 
dispersion slopes of the positive and negative dispersion 
portions 211, 212 have polarities different from each other, 
cumulative chromatic dispersion is kept loW in a Wide 
Wavelength range in the main transmission line 210. 

[0079] As in the optical ?ber transmission line 100 accord 
ing to the ?rst embodiment, if the target length of the ?nal 
optical ?ber transmission line 200 is 50 km in the optical 
?ber transmission line 200 according to the second embodi 
ment, the length of main transmission line 210 is set to 49 
km so as to become slightly shorter than the target length of 
the optical ?ber transmission line 200 as a Whole. Then, the 
respective lengths of positive and negative dispersion por 
tions 211, 212 are adjusted appropriately, such that the 
absolute value of mean chromatic dispersion Dmean of main 
transmission line 210 becomes substantially Zero. Suitable 
as each of the ?rst and second end sections 220, 230 is a 
dispersion-shifted optical ?ber having a chromatic disper 
sion of —2 ps/nm/km at a Wavelength of 1.55 pm, for 
eXample, and a length of 1 km. 

[0080] As a comparative eXample, a unitary optical ?ber 
transmission line having a length of 51 km in Which positive 
and negative dispersion portions are alternately disposed 
along the signal-advancing direction Without providing the 
?rst and second end sections 220, 230 Will be considered. 
Partly cutting both ends in the optical ?ber transmission line 
of comparative eXample means that positive and negative 
dispersion portions are partly cut off. Since the absolute 
value of chromatic dispersion in each of the positive and 
negative dispersion portions is set to a large value in order 
to obtain a favorable transmission characteristic, hoWever, 
the mean chromatic dispersion of the Whole optical ?ber 
transmission line greatly changes When they are partly cut 
off. 

[0081] In the optical ?ber transmission line 200 according 
to the second embodiment, by contrast, since the ?rst and 
second end sections 220, 230 each having a chromatic 
dispersion substantially equal to the mean chromatic disper 
sion (Which is substantially Zero) in the main transmission 
line 210 are partly cut off, the mean chromatic dispersion of 
the optical ?ber transmission line 200 as a Whole changes 
little betWeen before and after the cutting, and the change in 
its cumulative chromatic dispersion is also small. Therefore, 
if the main transmission line 210 has a desirable mean 
transmission characteristic, then the optical ?ber transmis 
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sion line 200 maintains the preset mean transmission char 
acteristic even When its end portions are partly cut off, 
Whereby a WDM transmission system having desirable 
design values can easily be constructed. Here, if each of the 
?rst and second end sections 220, 230 has a length of 1 km, 
it Will be suf?cient as the length to be cut at the time of 
making a cable. 

Second Embodiment of Optical Cable 

[0082] A second embodiment of the optical cable accord 
ing to the present invention includes a plurality of transmis 
sion lines each having a structure identical to that of the 
optical ?ber transmission line 200 having the above-men 
tioned structure. The optical cable according to the second 
embodiment has a structure similar to that of the optical 
cable 10 shoWn in FIG. 6B. Namely, in this optical cable, 
each of the optical ?ber transmission lines 101 to 106 in 
FIG. 6B is constituted by the optical ?ber transmission line 
200 shoWn in FIG. 9A. 

[0083] If the ?nal target length of this optical cable is 50 
km, the length of main transmission line 210 in each optical 
?ber transmission line 200 to be bundled is set to 49 km so 
as to become slightly shorter than the target length of optical 
cable. Then, the respective lengths of positive and negative 
dispersion portions 211, 212 are appropriately adjusted, such 
that the absolute value of mean chromatic dispersion Dmean 
in the main transmission line 210 becomes substantially 
Zero. Employed as each of the ?rst and second end sections 
220 and 230 is a dispersion-shifted optical ?ber having a 
chromatic dispersion of —2 ps/nm/km at a Wavelength of 
1.55 pm, for eXample, and a length of 1 km. 

[0084] As a comparative eXample, an optical cable includ 
ing a unitary optical ?ber transmission line having a length 
of 51 km in Which positive and negative dispersion portions 
are alternately disposed along the signal-advancing direction 
Without providing the ?rst and second end sections 220, 230 
Will be considered. 

[0085] Partly cutting both ends in the optical cable of 
comparative eXample means that positive and negative dis 
persion portions are partly cut off. Since the absolute value 
of chromatic dispersion in each of the positive and negative 
dispersion portions is set to a large value in order to obtain 
a favorable transmission characteristic, hoWever, the mean 
chromatic dispersion of the Whole optical ?ber transmission 
line greatly changes When they are partly cut off. Since it is 
uncertain Which part of the positive and negative dispersion 
portions is cut off, it cannot be estimated at all Whether the 
?uctuation of mean chromatic dispersion shifts in the posi 
tive or negative direction. Also, the amount of change in 
mean chromatic dispersion caused by the end portion cutting 
may differ among the plurality of optical ?ber transmission 
lines included in the optical cable. 

[0086] In the optical cable according to the second 
embodiment, by contrast, since the ?rst and second end 
sections 220, 230 each having a chromatic dispersion sub 
stantially equal to the mean chromatic dispersion (Which is 
substantially Zero) in the main transmission line 210 are 
partly cut off, the mean chromatic dispersion of the optical 
?ber transmission line 200 changes little betWeen before and 
after the cutting, and the change in its cumulative chromatic 
dispersion is also small. Therefore, if the main transmission 
line 210 in each optical ?ber transmission line 200 is 










